TITLE OF THE INVENTION 

WEAR-RESISTANT ELECTRICALLY CONDUCTIVE BODY 
BACKGROUND OF THE INVENTION 

In the past, an outer surface of an electrically conductive body has been covered 
with an electrochemically applied metal, a mechanically applied metal foil, or 
mechanically applied metal cap, in order to make the electrically conductive body wear 
resistant. Such combinations are taught in U. S. patents 4,104,109 and 5,161,667. 

The present invention relates to a wear resistant electrically conductive body. The 
outer surface of the electrically conductive body has an ion-accelerated, wear- 
resistant, electrically conductive diamond-like carbon coating. The outer surface of 
the electrically conductive body is formed by the electrically conductive diamond-like 
carbon coating. 

The present invention relates to a method for forming the ion-accelerated, wear- 
resistant, electrically conductive diamond-like carbon coating on the electrically 
conductive body. The resultant outer surface of the electrically conductive body is an 
ion-formed diamond-like surface 

The electrically conductive diamond-like carbon coating is a combination of 
amorphous diamond-like carbon material and electrically conductive metal material. The 
conductivity of the outer surface will benefit from graphitic characteristics of the 
amorphous diamond -like carbon material. That is, the higher the percentage of graphite 
in the amorphous diamond-like carbon material, the greater the conductivity of the 
diamond-like carbon coating. However, the percentage of graphite in the amorphous 
diamond-like carbon material must be controlled, in order to avoid excessive graphitic 
characteristics. 
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An ion beam process, such as a dual ion beam process, is used to form the 
coating. A dual ion beam process is used to coat an electrically conductive body with the 
electrically conductive diamond-like carbon coating. 

The graphite component of the electrically conductive diamond-like carbon coating 
can be controlled, percentage-wise, by adjusting conditions of the coating process 
By adjusting a carbon ion beam intensity of carbon ions that are being applied to the 
electrically conductive body, applied carbon atoms are held in an intermediate reactive 
state. The carbon atoms will stabilize, by oxidation, into a resonance-stabilized, covalent 
structure of an aromatic graphite structure. 

The outer surface of an electrically conductive body, such as a copper slip ring, is 
covered by an ion-accelerated, wear-resistant, electrically conductive coating that 
contains diamond-like carbon atoms and electrically conductive metal atoms. A wear- 
resistant electrically conductive body is produced. The produced wear-resistant 
electrically conductive body is a combination of an electrically conductive body and an 
ion-accelerated, wear-resistant, electrically conductive coating. Ion-accelerated 
diamond-like carbon atoms and ion-accelerated metal atoms form the ion-accelerated, 
wear-resistant, electrically conductive coating. The ion-accelerated, wear-resistant, 
electrically conductive coating covers an outer surface of the wear-resistant electrically 
conductive body. The coating causes the wear resistant electrically conductive body to be 
both electrically conductive and wear resistant. 

The ion-accelerated metal atoms of the disclosed ion-accelerated, wear-resistant, 
electrically conductive coating form contiguous conductive chains of metal atoms. The 
ion-accelerated, wear-resistant, electrically conductive coating contains contiguous metal 
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atoms, such as contiguous copper atoms. The contiguous metal atoms cause the ion- 
accelerated wear-resistant conductive coating to be electrically conductive from one side 
of the coating to the other side of the coating. 

The ion-accelerated, wear-resistant, electrically conductive coating of the 
disclosed wear-resistant conductive body contains ion-accelerated diamond-like carbon 
atoms. The ion-accelerated diamond-like carbon atoms cause the wear-resistant 
conductive coating to be wear resistant. 

The ion accelerated, wear-resistant, electrically conductive coating is formed by 
simultaneously ion-accelerating both metal ions, such as copper ions, and diamond-like 
carbon ions onto the outer surface of an electrically conductive body, such as an ordinary 
motor slip ring. The copper ions and diamond-like carbon ions are electrically attracted 
to the electrically conductive body within an ion accelerator. 

An ion sprayer is shown in U.S. patent 6,086,962. U.S. patent 6,086,962 discloses 
a method of spraying diamond-like carbon ions and non-conductive silicon ions onto an 
electrically nonconductive surface. The teachings of U. S. patent 6,086,962 are 
incorporated herein by reference. 

In the method of the present invention, metal ions, such as copper ions, and 
diamond-like carbon ions are simultaneously ion-accelerated onto an outer surface of an 
electrically conductive body, such as an ordinary motor slip ring. A negative voltage is 
applied to the conductive body. The negative voltage causes the ions to accelerate toward 
the conductive body. 

In the '962 patent, silicon ions and diamond-like carbon ions are sprayed onto an 
electrically nonconductive body, as the ions asccelerate toward cathode. The '962 patent 
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does not suggest simultaneously ion-accelerating metal ions and diamond like carbon 
ions toward an electrically conductive body, in order to form an wear-resistant 
electrically conductive coating on the electrically conductive body. 

By the method of the present invention, copper ions and diamond-like carbon ions 
are accelerated onto an electrically conductive body. Copper ions from the ion 
accelerator are attracted to the electrically conductive body by electrons that are on the 
electrically conductive body. As the copper ions impinge the electrically conductive 
body, the copper ions are electrically neutralized by electrons that are located on the 
electrically conductive body. Copper atoms, that is, neutralized copper ions, are formed 
on the electrically conductive body. These copper atoms then conduct other electrons 
from the electrically conductive body. These other electrons attract copper ions toward 
the copper atoms. A chains of copper atoms is formed. Chains of copper atoms are built 
up on the electrically conductive body. 

The advantages of using an ion-accelerated, wear-resistant conductive coating on a 
conductive body are enhancement of wear resistance, reduction of contact friction, 
preservation of surface contact conductivity and preservation of surface finish. 

SUMMARY OF THE INVENTION 

A wear-resistant electrically conductive body comprising an electrically 
conductive body; and an ion-accelerated, wear-resistant, electrically conductive coating 
on a surface of the electrically conductive body, the ion-accelerated, wear-resistant, 
electrically conductive coating containing contiguous electrically conductive metal 
atoms and diamond-like carbon atoms. 
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DESCRIPTION OF THE DRAWING 

Figure 1 A is a perspective view of a slip ring assembly. 

Figure IB is a view of a section of the slip ring assembly taken through the 
longitude axis of a slip ring assembly. 

Figure 2 is a view of a section of an ion accelerator, plus a schematic view of 
associated electrical equipment. 

Figure 3 is a sectional of a slip ring, the section taken perpendicularly through the 
rotational axis of a slip ring. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figure 1 A shows an assembly 4. Assembly 4 has a rotor 6. Rotor 6 has copper 
slip rings, including copper slip ring 9. A copper and diamond-like carbon coating 10 is 
shown as having been ion-accelerated onto an outer electrically conductive surface 1 1 of 
the copper slip ring 9. 

As shown in Figure 1 A, an ion-accelerated, wear resistant, electrically conductive 
coating 10 is formed on the outer surface 1 1 of copper slip ring 9. Coating 10 is a layer of 
electrically conductive, wear-resistant material. The coating 10 has sufficient electrical 
conductivity to transmit an electrical current from a power source through a brush, shown 
as 18 in Figure IB, to copper slip ring 9. Brush 18 is similar to brushes 20 and 22. 

Brushes 18, 20 and 22 are partially shown in Figure IB. Brush 18 is similar 
to brushes 20 and 22 shown in Figures 1 A and IB. An ion-accelerated, wear resistant, 
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electrically conductive coating is also ion-accelerated onto the outer surface of each of 
brushes 18, 20 and 22. 

An ion accelerator 26 and associated electrical equipment are shown in Figure 2. A 
diamond-like carbon ion source 32 generates diamond-like carbon ions. A power source 
33 is connected between an anode 34 and slip ring 9. Positively charged carbon ions are 
electrically accelerated toward the surface 1 1 of copper slip ring 9. The diamond-like 
carbon ion source 32 can use methane gas. 

A copper ion source 36 is shown in Figure 2. The copper ion source 36 
simultaneously generates copper ions. The copper ions are electrically accelerated toward 
the surface 1 1 of slip ring 9. The copper ion source 36 can used in conjunction with 
vaporized aqueous copper sulfate. The aqueous copper sulfate is vaporized, by heating 
the aqueous copper sulfate. Copper from the copper sulfate is ionized by copper ion 
source 36. 

An ion-accelerated, wear resistant electrically conductive coating 10 is gradually 
formed on surface 1 1 of slip ring 9, as shown in Figure 2. The ion-accelerated, wear 
resistant, electrically conductive coating 10 is increased in thickness due to a build up of 
diamond-like carbon atoms and the copper atoms on surface 1 1 . The slip ring 9 is rotated 
during the ion-accelerating process, to coat the complete outer surface 1 1 of slip ring 9. . 

Diamond-like carbon atoms 43, 44 and 45 and the copper atoms 47, 48 and 49 are 
shown in Figure 3. These atoms are part of the ion-accelerated, wear resistant electrically 
conductive coating 10 that is on the surface 1 1 of slip ring 9. The copper atoms 47, 48 
and 49 are in a coating 10. Coating 10 has a concentration of 30 percent copper, by 
atomic weight. Copper atoms can be made to preferably produce a coating 10 that has a 
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concentration of 0. 1 percent to 40 percent of copper atoms, by atomic weight. However a 
coating 10 could have a concentration of 0. 1 percent to 99.9 percent of copper atoms, by 
atomic weight. 

The copper atoms 47, 48 and 49, shown in Figure 3, are part of electronically a 
conductive chain of conductive copper atoms. Chains of copper atoms extend through 
the width of coating 10. Coating 10 is m'ade electrically conductive by such chains of 
copper atoms. The copper atoms form a chain of contiguous electrically conductive 
atoms. The chain of contiguous electrically conductive atoms can pass an electrical 
current through the thickness of coating 10. 

An interfacial layer 50 is also shown in Figure 3. The interfacial layer 50 is 
applied to the surface 1 1 of slip ring 9 prior to ion accelerating ions, for coating 10, onto 
slip ring 9. An interfacial layer 50 promotes adhesion of coating 10 to slip ring 9. The 
interfacial layer 50 could be gold. An evaporation chamber could be used to evaporate 
the interfacial layer 50 onto slip ring 9. 

Other metal ions, instead of copper ions, could be ion accelerated onto slip ring 9. 
Such other ions are gold ions, molybedenum ions, silver ions, palladium ions, platinum 
ions or a combination of nickel ions and palladium ions. 

A method can be used for forming a wear-resistant diamond-like coating on an 
electrically conductive body. Two ion beams are used to deposit the wear resistant 
diamond like coating. A first ion beam is used to sputter a surface of a diamond-like 
carbon source. A second ion beam is used to retain carbon atoms, that have been 
sputtered on the electrically conductive body, in a metastable state. The metastable 
carbon atoms are free radicals, radical ions, etc. The power and intensity of the first ion 
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beam can be adjusted to control the intensity of energy applied to the diamond-like 
carbon source. The power and intensity of the second ion beam can be adjusted to control 
the characteristics of the applied diamond-like coating 

While the present invention has been disclosed in connection with the preferred 
embodiment thereof, it should be understood that there may be other embodiments which 
fall within the spirit and scope of the invention as defined by the following claims. 
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